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Abstract

Background The purpose of the present study was to

develop and validate a multidimensional, surgery-specific

workload measure (the SURG-TLX), and to determine its

utility in providing diagnostic information about the impact

of various sources of stress on the perceived demands of

trained surgical operators. As a wide range of stressors

have been identified for surgeons in the operating room, the

current approach of considering stress as a unidimensional

construct may not only limit the degree to which under-

lying mechanisms may be understood but also the degree to

which training interventions may be successfully matched

to particular sources of stress.

Methods The dimensions of the SURG-TLX were based

on two current multidimensional workload measures and

developed via focus group discussion. The six dimensions

were defined as mental demands, physical demands,

temporal demands, task complexity, situational stress,

and distractions. Thirty novices were trained on the

Fundamentals of Laparoscopic Surgery (FLS) peg transfer

task and then completed the task under various conditions

designed to manipulate the degree and source of stress

experienced: task novelty, physical fatigue, time pressure,

evaluation apprehension, multitasking, and distraction.

Results The results were supportive of the discriminant

sensitivity of the SURG-TLX to different sources of stress.

The sub-factors loaded on the relevant stressors as

hypothesized, although the evaluation pressure manipula-

tion was not strong enough to cause a significant rise

in situational stress.

Conclusions The present study provides support for the

validity of the SURG-TLX instrument and also highlights

the importance of considering how different stressors may

load surgeons. Implications for categorizing the difficulty

of certain procedures, the implementation of new tech-

nology in the operating room (man–machine interface

issues), and the targeting of stress training strategies to the

sources of demand are discussed. Modifications to the scale

to enhance clinical utility are also suggested.

Introduction

The surgical operating room is a multifaceted environment

that exposes operating surgeons and their teams to con-

siderable stress-inducing conditions. Challenges, such as

procedure complexity, time pressure, peer evaluation,

multitasking, and distractions all have the potential to raise

levels of intraoperative stress [1, 2]. Despite the multiple

stressors that surgeons may face, they are more likely to

deny potential effects of stress on their performance than

individuals in other challenging environments [3]. Such an

attitude has discouraged applied research in the field and

limited organizational and educational change policies [4].
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As intraoperative stressors are seldom factored in as

potential contributors to surgical outcome, there are also

significant negative implications for patient care and

safety.

Stress is experienced when perceived resources are

outweighed by demands [5, 6]. Given that multiple sources

of stress have been identified, one weakness of current

research is that it adopts a unidimensional approach to

measurement. While validated instruments such as the

State Trait Anxiety Inventory (STAI) [7] provide a mea-

sure of emotion (anxiety), other mechanisms may underpin

the stress-performance relationship. Indeed, different

stressors are likely to cause surgical performance to break

down for different reasons. Considering stress as a unidi-

mensional construct not only limits the degree to which

underlying mechanisms may be understood but also the

degree to which a training intervention may be successfully

matched to a particular source of stress.

Few studies in surgery have attempted to gain insight

into the specific demands imposed on surgeons by typically

experienced stressors. In the fields of aviation and indus-

trial ergonomics, however, the study of mental demand

(workload) has been a major area of inquiry, as researchers

have sought to examine the potential causes of poor per-

formance linked to increased workload [8–11]. Workload

is a multifaceted construct, determined by the interaction of

the task demands, the circumstances under which the task

is performed, and the skills, behaviors, and perceptions of

the individual [12, 13]. It is apparent from this definition

that anxiety (stress) may be but one factor with an impact

on the demands of the task.

The most widely used measure of workload in human

factors research has been the NASA-Task Load Index

(NASA-TLX) [14], is a multidimensional rating scale that

has six bipolar dimensions: mental demand (MD); physical

demand (PD); temporal demand (TD); own performance

(P); effort (E); and frustration (F). The dimensions there-

fore reflect task-related (MD, PD, TD), subject-related (P),

and behavior-related (F and E) factors. While multidi-

mensional measures provide stronger diagnosticity (i.e., the

capability of an instrument to discriminate between dif-

ferent types of workload [9, 13]), a weakness is that they

are generally created for a specific environment or task,

and therefore may not reflect different dimensions of

workload in other environments [15].

Although the NASA-TLX has been adopted as a mea-

sure of workload in recent surgical research [16–20], in all

cases the individual dimension scores were simply aggre-

gated to provide a total workload measure. This process

ignores the primary advantage of multidimensional scales:

their ability to discriminate between different sources of

workload. The purpose of the present study was therefore

to develop and validate a surgery-specific version of the

Task Load Index (SURG-TLX), and to determine whether

it provides diagnostic information regarding the impact of

various sources of stress on the perceived demands of

trained surgical operators.

Methods

Scale development

As the NASA-TLX is a well-validated instrument [21, 22],

the intention was to maintain its general structure but make

it more relevant to the specific demands of surgery [15].

The first step was to consider the process adopted in

developing another TLX variant, designed for car driving;

the Driving Activity Load Index (DALI) [23]. The DALI’s

six dimensions (effort of attention, visual demand, auditory

demand, temporal demand, interference, and situational

stress) were first determined by discussion with a number

of experts in driving research. A study was then designed to

test the sensitivity and diagnosticity of the instrument for

typical driving tasks; interacting with a navigation system

and operating a hands-free car phone. Results confirmed

that the DALI dimensions were sensitive to these manip-

ulations [23].

To develop a surgery-specific version of the NASA-

TLX, we consulted qualitative research that has identified

key intraoperative stressors [2] and considered which

dimensions of the NASA-TLX and DALI best approximate

the demands faced by surgical operators. The three task

demand dimensions from the NASA-TLX were retained

(mental, physical, and temporal demands), as were the

environmental demand dimensions from the DALI (dis-

tractions and situational stress). It was felt that a final

dimension reflecting Task Complexity was more appro-

priate than one related to effort or frustration. The specific

dimensions for the SURG-TLX were therefore formulated

and defined as follows:

1. Mental demands: How mentally fatiguing was the

procedure?

2. Physical demands: How physically fatiguing was the

procedure?

3. Temporal demands: How hurried or rushed was the

pace of the procedure?

4. Task complexity: How complex was the procedure?

5. Situational stress: How anxious did you feel while

performing the procedure?

6. Distractions: How distracting was the operating

environment?

Eight experienced surgeons from a range of disciplines

(four Consultants and four Specialist Registrars) were

asked to provide their opinions of the SURG-TLX’s
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dimensions, as well as provide ‘‘free’’ comments about

which factors made procedures demanding. While a variety

of specific factors were raised (e.g., negativity from others

in the operating room, nonavailability of preferred equip-

ment, patient expectations) there was general agreement

that the dimensions were reflective of the typical demands

experienced in surgery. The surgeons were provided with

the NASA-TLX and DALI dimensions for comparison,

and all 8 agreed that mental demands, temporal demands,

task complexity, and distractions were important factors

affecting workload judgments. Two of the Consultants felt

that physical demands and situational stress may not be as

relevant to workload as the frustration dimension from the

NASA-TLX. However, because most of the surgeons were

satisfied with the dimensions selected, we decided to

maintain the original six-dimension structure of the index.

Having developed the instrument, the second phase of

the study aimed to validate it by exposing trainee operators

to various intraoperative stressors as they performed a

well-validated laparoscopic task.

Subjects

Novices (n = 30 medical students) volunteered to take part

in the research. Institutional ethical approval was obtained

prior to the commencement of the study, and all subjects

provided written informed consent and demographic

information before testing. Subjects were informed that

they would be given the opportunity to perform a laparo-

scopic task under a variety of conditions in a laboratory

supporting clinical simulation. Subjects attended individ-

ually and were paid $HK150 for taking part.

Materials and task

The task adopted was the validated Fundamentals of Lap-

aroscopic Surgery (FLS) peg transfer task [24]. The FLS

training program model is endorsed by the American

College of Surgeons and the Society of American Gastro-

intestinal and Endoscopic Surgeons, and consists of five

tasks of increasing complexity [25, 26]. In the peg transfer

task, six plastic objects are grasped, transferred, and posi-

tioned on a pegboard. Specifically, each object is picked up

with grasper forceps from a pegboard on the surgeon’s left,

transferred in space to a grasper in the right hand and then

placed around a post on the right-hand side of the peg-

board. After all six objects have been transferred from left

to right the process is reversed, requiring transfer from the

right hand to the left hand. The exercise is timed and a

penalty score is assessed whenever an object is dropped

outside the surgeon’s view.

As with the original TLX and the DALI, a two-part

evaluation is required to complete the SURG-TLX. The

first part involves calculating weights of the six dimensions

following a set of 15 paired comparisons. The dimension

with the highest weight is the most important contributing

factor for the perceived workload (scores range from 0 to

5). The second part involves rating six bipolar scales

reflecting the separate dimensions on a 20-point Likert

scale, anchored between low and high (see Appendix 1 for

the SURG-TLX). A workload score for each dimension is

then calculated by determining the product of these two

numbers. For example, a weight score of 4 and a rating of

15 equate to a workload score of 60 (scores range from 0 to

100). A total workload score is also determined by aggre-

gating the scores from the six dimensions.

Procedure

Before training commenced, subjects watched an intro-

ductory video showing an expert complete the peg transfer

task. They were then required to perform repetitions of the

task until they reached proficiency; defined as completing

the task in less than 54 s and without a penalty score on

two consecutive trials and on ten additional nonconsecutive

trials. Developers of the FLS skills curriculum [26] have

recommended that surgical educators adopt this criterion

for task proficiency, which is based on expert levels of

performance [25]. Subjects were informed of the profi-

ciency requirements at the outset of training and were

offered feedback on their completion times whenever it

was asked for.

The procedure consisted of training and testing phases.

In the training phase, subjects trained on the peg transfer

task for up to 90 min, or until proficiency was reached.

Subjects completed the SURG-TLX after their fifth learn-

ing attempt (task novelty condition) and were asked to

complete it with respect to their previous two attempts.

Subjects also completed the SURG-TLX after their final

attempt of this training session (physical fatigue condition).

Again, subjects were asked to complete the instrument with

respect to their previous two attempts. If proficiency was

not attained in this time-frame then a second training

session was organized for the following day. Sixteen of the

30 subjects had to complete an additional training session

in order to reach the criterion level of proficiency.

All subjects reached proficiency, taking on average 59.4

(SD = 20.8) trials to reach the criterion level of

performance.

The testing phase was scheduled for the day after pro-

ficiency had been reached. Subjects first had to attain two

consecutive criterion level completions. They then per-

formed two trials in a control condition and each of three

test conditions designed to simulate typical stressors
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experienced during surgical performance [1] (counterbal-

anced design). The test conditions consisted of a multi-

tasking condition, an evaluative condition, and a time

pressure condition. The SURG-TLX was completed after

the second trial of each condition in the test phase.

In the control condition subjects were simply asked to

do their best in completing the task. The multitasking

condition was designed to be distracting and mentally

demanding, as subjects were required to perform men-

tal arithmetic while completing the peg transfer task

[4, 27–29]. Specifically, on the first trial subjects started

counting back from 737 in sevens, and on the second trial

they started counting from whichever number they reached

on the first trial.

The evaluative condition involved a manipulation

designed to increase ego-threat and performance anxiety

[28, 30]. Subjects were informed that their performance

was to be videotaped so it could be viewed by three of their

course tutors and compared to the performance of trainee

surgeons from the United Kingdom and the United States

of America. The subjects were made aware of a video

camera being turned on and were asked to say their name

and year of study for the camera prior to completing their

two trials. The final condition was designed to create an

element of time pressure [4, 28]. Subjects were informed

that some surgeries have to be completed under time

constraints, perhaps because of complications occurring

during the procedure. They were informed of their best

time during training and were instructed to try to complete

the task more quickly than on that attempt.

Data analysis

A mean workload score for each dimension (and total

workload) was computed for each of the six conditions of

interest (training phase: task novelty and physical fatigue;

test phase: control, multitasking, evaluation and time

pressure) and subjected to one way analysis of variance

(ANOVA). Significant main effects were followed up with

Bonferroni adjusted paired sample t-tests, and effect sizes

were reported as partial eta squared (gp
2).

Hypotheses

A series of hypotheses were developed based on the

expected effects of the manipulations affecting workload

(compared to the control condition):

Hypothesis 1: Primarily the Task Complexity dimension

will be raised in the ‘‘task novelty’’ condition, reflecting the

fact that the task is unfamiliar and unpracticed.

Hypothesis 2: Primarily the Physical Demands (fatigue)

dimension will be raised in the ‘‘physical fatigue’’

condition, as subjects will have completed up to 90 min of

training of a novel task.

Hypothesis 3: Primarily the mental demands and dis-

traction dimensions will be raised in the multitasking

condition, due to concurrent task loading.

Hypothesis 4: Primarily the situational stress dimension

will be raised in the ‘‘evaluation’’ condition, due to the ego-

threatening nature of the instructions.

Hypothesis 5: Primarily the temporal demands dimen-

sion will be raised in the ‘‘time pressure’’ condition.

Results

Task complexity

Analysis of variance revealed a significant main effect for

condition, F (5,145) = 45.5, P \ .001, gp
2 = .61. Bonfer-

roni follow-up tests revealed that the multitasking condi-

tion was perceived to be significantly more complex than

any other condition (Ps \ .001; see Fig. 1). No other sig-

nificant differences were evident.

Physical demands

Analysis of variance revealed a significant main effect for

condition, F (5,145) = 13.0, P \ .001, gp
2 = .31. Bonfer-

roni follow-up tests revealed that physical demands were

significantly higher in the physical fatigue condition than

all other conditions (all Ps \ .05). Furthermore, the mul-

titasking condition was perceived as being significantly

less physically demanding than all other conditions (all

Ps \ .005; see Fig. 1).

Mental demands

Analysis of variance revealed a significant main effect for

condition, F (5,145) = 8.3, P \ .001, gp
2 = .22. Bonferroni

follow-up tests revealed that the reported mental demand in

the multitasking condition was significantly higher than in

all other conditions (all Ps \ .05; see Fig. 1).

Distraction

Analysis of variance revealed a significant main effect for

condition, F (5,145) = 12.7, P \ .001, gp
2 = .31. Follow-

up Bonferroni tests revealed that the multitasking condition

was significantly more distracting than all other conditions

(all Ps \ .05; see Fig. 1). No other significant differences

were evident.
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Situational stress

Analysis of variance revealed a significant main effect for

condition, F (5,145) = 3.1, P \ .05, gp
2 = .10. Follow-up

Bonferroni tests revealed that the time pressure condition

was most stressful, although this was only at a significant

level when compared to the multitasking condition

(P \ .05) and the control condition (P \ .05, see Fig. 1).

Temporal demands

Analysis of variance revealed a significant main effect for

condition, F (5,145) = 28.6, P \ .001, gp
2 = .50. Bonferroni

follow-up tests revealed that subjects perceived the time

pressure condition to have significantly higher temporal

demands than all other conditions (all Ps \ .05), except the

novel task condition (P = .49). The temporal demands of the

multitasking condition were also perceived to be significantly

less than all other conditions (all Ps \ .001, see Fig. 1).

Total workload

Analysis of variance revealed a significant main effect

for condition, F (5,145) = 7.68, P \ .001, gp
2 = .21.

Follow-up Bonferroni tests revealed that the control con-

dition was significantly less demanding than ‘‘physical

fatigue’’ (P \ .05), multitasking (P \ .005), and time

pressure (P \ .001) conditions. The time pressure condi-

tion was also significantly more demanding than the eval-

uation condition (P \ .001; see Fig. 2).

Discussion

The aim of this research was to develop and validate a

surgery-specific, multidimensional workload measure (the

SURG-TLX), based on the NASA-TLX [14] developed for

Fig. 1 Mean workload score

for each dimension of the

SURG-TLX for the task novelty

(TN), physical fatigue (PF),

control (Con), multitasking

(MT), evaluation (Eval), and

time pressure (TP) conditions

Fig. 2 Mean total workload scores for the six performance conditions

of interest
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pilots. The advantage of multidimensional measures is that

they provide a degree of diagnosticity, although this is at

the expense of specificity [13, 15]. While the original TLX

has been adopted in surgical settings, only the total

workload data have been presented [16–20], limiting the

utility of the instrument to provide insights into specific

sources of workload. Given that a wide range of stressors

have been identified for surgeons in the operating room

[1, 13] a surgery-specific workload measure might provide

useful information to categorize procedures, guide training,

and design stress management interventions.

The results of the present study, using recently trained

laparoscopic operators and a validated laparoscopic task,

revealed that the SURG-TLX is sensitive to a variety of

different surgical stressors; including physical fatigue, time

pressure, multitasking, and increased complexity. Indeed,

of the five hypotheses developed to test the sensitivity of

the six dimensions, there were only two somewhat unex-

pected, but explainable, results. We expected that, as rel-

ative novices (five trials of laparoscopic training), subjects

would consider the task to be demanding [31] (high task

complexity; hypothesis 1). However, only the multitasking

condition was perceived to be significantly more complex

than the control condition (Fig. 1a). Although this was not

an a priori prediction, it is perhaps not surprising that

subjects found the task to be more complex when a con-

current cognitive load was added.

The other unexpected finding was that the situational

stress dimension (Fig. 1e) was not significantly higher in the

evaluative condition (hypothesis 4). Previous research has

demonstrated that trainee surgeons find evaluation from their

senior peers to be stressful [28, 30]. Our manipulation of ego

threat may not have been as powerful as others reported in the

literature, as there was no physical presence from a known

evaluator. Previous research, however, has consistently

shown that the mere presence of a video camera is sufficient

to cause evaluation stress [32–34]. The fact that the time

pressure condition was perceived as stressful was not

expected; however, this may reflect the specific wording

used to introduce the condition. Subjects were asked to

consider that, because of complications, some operating

room procedures require quick completion. This instruction

highlights the clinical relevance of the current training and

may have provoked a more real life emotional response.

Alternatively, asking trainees to better their best time during

training provides a clearer understanding of the demands of

the task and highlights the extent to which those demands

might outweigh the trainees’ perceived capabilities [5, 6].

The total workload data provide limited information

beyond what could have been determined by asking subjects

‘‘how demanding was the task?’’ It provides no diagnostic

information as to why multitasking and time pressure

were the most demanding tasks (Fig. 2). This diagnostic

information might be useful for a number of reasons. First, is

the ability to assess why a procedure might be difficult,

especially when performed under various demanding or

stressful conditions (categorization). Second, the SURG-

TLX may assist surgeons in making better decisions about

the likely demands associated with introducing new tech-

niques or technologies (e.g., robotic surgery) [13, 18, 20] into

the operating room. In the ergonomics literature, where

subjective workload is frequently considered during inter-

face design, there has been a great deal of interest in under-

standing the ‘‘hidden’’ demands associated with the

proliferation of technology [35, 36]. Third, the matching of

appropriate training interventions to operator needs can only

be assisted by diagnostic information about the sources of

overload or stress. It is naı̈ve to assume that the myriad of

acute stress sources experienced by surgeons in the operating

room will have an impact on performance through similar

mechanisms. Training solutions should therefore be targeted

at increasing coping resources for the particular demands

experienced [37].

The current validation experiment followed the same

approach as that adopted by a previous domain-specific

adaptation of the TLX [23], by experimentally manipulat-

ing the demands of the task. Future research is required to

assess ‘‘natural’’ sources of workload in the operating room

for a variety of procedures and across experience levels.

When possible, operators should complete both the paired

comparison and the Likert scale components of the SURG-

TLX. However, the Likert scale on its own can provide an

informative visual analog of procedure demands. In this

less stringent format the SURG-TLX has greater clinical

utility; for example, it could be swiftly administered to help

guide the self-reflection process of surgeons who have just

performed poorly. Should the relative weighting between

two dimensions remain unclear, paired comparisons could

then be used to distinguish which of the dimensions makes

the greatest contribution to workload.

Future research is required to determine whether the

SURG-TLX is sensitive to the various combinations of

stressors that occur in the operating room, and to the reflections

of more experienced surgeons. However, this preliminary

study supports the validity of the SURG-TLX as a multidi-

mensional measure of surgical workload, which is sensitive to

some of the typical stressors experienced during training.
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Appendix 1: The SURG-TLX

Weighted rating

There are six rating scales which are meant for evaluating

your experience during the procedure.

Please evaluate the procedure by marking ‘‘X’’ on

each of the six scales at the point which best fits

your experience. The scale ranges from ‘‘low’’ on the left

to ‘‘high’’ on the right. Please read the descriptions

carefully.

Mental Demands
How mentally fatiguing was the procedure?

Very Low Very High

Physical Demands
How physically fatiguing was the procedure?

Very Low Very High

Temporal Demands
How hurried or rushed was the pace of the procedure?

Very Low Very High

Task Complexity
How complex was the procedure?

Not Very Complex Very Complex

Situational Stress
How anxious did you feel while performing the procedure?

Not Very Anxious Very Anxious

Distractions
How distracting was the operating environment?

Not Very Very
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Pairwise comparisons

Following are a set of titles listed into boxes within a grid.

From these boxes, you will choose which title you deem more

applicable to your experience of workload in the procedure.

Circle the title that you deem fitting of your experience.

Please consider your choices carefully and make them

consistent with how you used the rating scales.

We are not looking for a right or wrong answer. We are

only interested in your opinion.

Task Complexity

Or

Mental Demand

Distractions

Or

Situational 
Stress

Task Complexity

Or

Distractions

Task Complexity

Or

Temporal demand

Mental demand

Or

Situational 
Stress

Physical Demand

Or

Distractions

Mental demand

Or

Physical demand Physical demand

Situational 
Stress

Or

Situational Stress

Or

Task Complexity

Temporal demand

Or

Mental demand

Distractions 

Or

Mental demand

Temporal demand

Or

Distractions

Physical demand

Or

Temporal demand

Physical demand

Or

Task Complexity

Temporal demand

Or

Situational Stress
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